Introduction
Seasonal exposure to olive pollen (Olea europaea) is increasingly recognized as an important cause of allergic rhinitis (AR), particularly in the Mediterranean region and the Middle East. 1 A range of causative allergens have been characterized (Ole e 1-10) with Ole e 1 being considered the most common sensitizing allegen. [2] [3] [4] Although data are limited, it has been reported that olive-induced allergy is associated with more severe symptomology in comparison with other nongrass allergies 5 and that quality of life (QoL) is lower in patients submit your manuscript | www.dovepress.com
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Al-Asad et al with olive-associated AR (and olive-associated asthma) than in patients with diseases caused by other common allergens. 6 Sublingual immunotherapy (SLIT) is an established recommended treatment for AR, with a broad, robust evidence base. [7] [8] [9] [10] [11] [12] One such therapy is Staloral ® (Stallergenes, Antony, Paris, France), which is a sublingual solution; the efficacy and safety of this solution against a wide range of respiratory allergens have been reported in a large number of placebocontrolled and open-label trials, with additional data available from observational studies. 13 The sublingual solution contains standardized extracts of target allergens (eg, against hose dust mites and grass or tree pollens) at various concentrations, expressed as the index of reactivity (IR), with the final composition and concentration tailored toward the sensitizing allergen. In many of the clinical studies and in routine clinical practice, a standardized 300 IR daily dose is used. 13, 14 This solution is administered in a pre-and coseasonal scheme in which treatment is started before the onset of the pollen season and is continued until the end of the season, corresponding to 4-6 months of use each year across 2 years. 13, 14 In contrast to other perennial or seasonal causes of AR, clinical data on the benefits of SLIT in olive-associated AR are far more limited. In an early placebo-controlled study, Vourdas et al 15 investigated the use of a sublingual solution (containing Ole e 1 extract) in children with AR and/or mild asthma due to sensitization to olive pollen. They found that SLIT reduced dyspnea and conjunctivitis scores and cutaneous allergen reactivity compared with placebo. 15 However, few subsequent studies have evaluated SLIT in olive-associated AR, and when so, such studies have been small, and/ or of short duration. 16 Patients with olive sensitivity usually form a minority of a larger study cohort. 5, 17 In Jordan, as in other Mediterranean countries, seasonal olive-induced allergy is considered an important cause of AR although the prevalence of this condition is uncertain. In view of this and the limited data on the use of SLIT in olive-induced allergy, we conducted a retrospective analysis of patients with confirmed olive-induced allergy treated with a 300 IR sublingual solution to examine the clinical features of olive-associated respiratory allergy and the impact of therapy in a real-life clinical setting.
Methods
Study design
This study was a multicenter, retrospective, open-label, noncontrolled, real-life observational study, conducted in Jordan, in patients with proven clinical allergy to olive tree pollen. In this study, we evaluated the use of a standardized SLIT regimen using a high dose of sublingual solution of olive pollen allergen (Staloral), across two consecutive seasons over a 3-year period (between 2010 and 2012). The sublingual solution consists of a standardized preparation of Ole e 1, administered following an initial dose titration as a single-strength 300 IR dose taken once daily, in a pre-and coseasonal scheme. In this preparation, a 300 IR daily maintenance dose corresponds to ~30 µg of Ole e 1 allergen each day. 13, 18 In Jordan, for each season, treatment was started in January, February, or March and stopped at the end of the olive pollen season, that is, in June. All treatments were provided in accordance with the relevant health care provision for individual patients and were funded either directly by the patient or via health care insurance (national or private). The sponsor of this study was not involved in funding any treatment.
The primary objective was to determine the effectiveness of this SLIT as determined by its impact on AR and asthma symptom scores and assessment of symptoms by the physician. The secondary objective was to determine any effect on QoL, the use of concomitant AR medications, and treatment compliance.
Patient selection
Participating physicians were all experienced in the management of the selected seasonal allergy and the use of SLIT in everyday clinical practice. Each was asked to review his or her medical record systems to identify potentially suitable male and female subjects aged ≥5 years with olive pollen-induced rhinitis (with or without coexisting asthma) for inclusion in this study. Subjects were required to have symptoms of AR and confirmatory positive skin prick tests to olive pollens, with at least 2-year follow-up after initiation of SLIT and with adequate medical documentation of all relevant parameters to provide reliable data collection.
As per the trial design (a retrospective observational study), formal sample size was not calculated; however, the aim was to recruit at least twice as many subjects treated with the olive sublingual solution as that recruited by Vourdas et al (n=34), the largest randomized controlled trial performed specifically in patients with olive-induced allergy. 15 
Study assessments
For each subject, the treating physician completed a case report form, based on his or her medical records. Data were collected and analyzed for three time points: SLIT initiation (V1), after 1 year of treatment (V2), and after 2 years of treatment (V3). For V1, a full allergy history with confirmatory clinical and laboratory examinations of each subject was collected. 
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Evaluation of a sublingual immunotherapy solution across three domains: rhinitis (eight questions), asthma (three questions), and QoL (four questions), with each question being scored on a scale from 0 to 3. With this questionnaire, a symptom score can be calculated for each domain for each time point (ie, V1, V2, and V3). Data regarding concomitant medication use in the previous season were also collected for these time points. Physician assessment of rhinitis and asthma symptom improvement was recorded at V2 and V3, based on whether they felt the condition had improved, was unchanged, or had deteriorated, in comparison with previous seasons. At these visits, treatment compliance was also recorded. At V2 and V3, any treatment-associated adverse events reported by the patient were also recorded in the case report form.
The study was conducted in accordance with the Declaration of Helsinki and guidelines on good clinical practice. 19, 20 According to the local ethical boards criteria, no ethical approval was required for this retrospective anonymous analysis. Written informed consent was obtained from all patients before being enrolled in this study, and in the case of minors, it was obtained from next of kin, caregivers, or guardians. For each subject, the anonymized case report form was returned to the clinical research organization (Delta Consultants, Eybens, France) for analysis. All statistical analyses were performed using SAS ® (version 9.2; SAS Institute Inc., Cary, NY, USA). Mean, standard deviation, median, range values, and 95% confidence intervals were reported as continuous variables, and absolute (number of subjects) and relative frequencies (%) were reported as discrete variables. Wilcoxon signed rank sum test was used to compare the quantitative values between two time points for the same subject. For all analyses, statistical significance was set at P<0.05.
Results
Subject demographics at baseline prior to SLIT initiation
Eighty-six subjects with proven AR associated with olive pollen and with 2 years of completely documented treatment with the 300 IR SLIT solution were included in the full analysis set. Table 1 provides the characteristics of the study population. Approximately equal number of male (51.2%) and female (48.8%) subjects were represented with a mean age of 29.2±12.0 years (ranging between 4 and 71 years). Most subjects (88.4%) were ≥15 years of age, with ten children <15 years of age being included. The majority of the patients (57.0%) had AR symptoms lasting >2 months in each season, with most patients having symptoms graded as moderate (52.3%) or severe (26.7%). Coexistent asthma was reported in 52.3% of the subjects. Table 2 provides the clinical symptoms during the previous pollen season (and their evolution across the study). The most common rhinitis symptoms were rhinorrhea, sneezing, and nasal congestion, each occurring in >90% of the subjects. Olfactory impairment was also common as were nasal and ocular itching, each occurring in >80% of the subjects. Respiratory symptoms included wheezing (during daytime or at night) and tightness of the chest, each of which was reported in approximately half of the overall study population, in line with the proportion of subjects with coexistent asthma. Majority of the subjects also reported sleep disturbance, overt insomnia, and headache, and >75% reported some impact on daily activities (eg, work, sports, or study).
Prior to initiation of an SLIT, all subjects received oral antihistamines as a symptomatic treatment for rhinitis, with 72.1% receiving intranasal steroids and 29.1% nasal decongestants (Table 3) . Just less than half of the overall study population received asthma medications: inhaled steroids (46.5%), β 2 agonists (45.3%), and leukotriene antagonists such as montelukast (46.5%); a small minority received theophylline (2.3%). Few subjects received oral steroids for either AR (3.5%) or asthma (5.8%).
Treatment effectiveness
After initiation of treatment with SLIT, a reduction in rhinitis, asthma, and QoL symptom scores was noted at the end of each subsequent season. After 2 years of discontinuous 
26
Al-Asad et al pre-and coseasonal treatment, mean rhinitis scores decreased from 12.9 to 2.8, mean asthma scores from 2.9 to 0.8, and QoL scores from 4.3 to 0.7 (P<0.0001 for all; Figure 1 ). Physician assessment of rhinitis and asthma symptom improvement, was performed, based upon whether they felt the condition was improved, or unchanged, or deteriorated, in comparison to previous seasons. At the end of the second year of treatment (V3), 95.2% of the subjects were considered to have improvement in rhinitis symptoms, and 93.3% had improvement in asthma symptoms, compared with the previous season (Figure 2 ). Similar improvements after the first year of treatment compared with baseline were also found (data not shown). Treatment compliance to the preand coseasonal SLIT therapy was considered to be good by the physician in 98.8% of the subjects for both the seasons.
Concomitant medication use during treatment with SLIT
Symptomatic medication use for rhinitis decreased after initiation of SLIT. At the end of the study (V3), after 2 years of SLIT, reductions in the use of intranasal steroids (66%) and nasal decongestants (65%) compared with the use prior to treatment initiation were found. Oral antihistamines were stopped by 42.2% of the subjects, with a further 38.6% using these less frequently. Reduction in the use of asthma medication was also found, with 65.6% of the subjects reporting decreased use of inhaled steroids, 65.6% reporting decreased use of β 2 agonists, and 54.5% reporting decreased use of leukotriene antagonists. Use of oral steroids for either condition was relatively unchanged (Figure 3 ). Reductions in medication use after the first year of treatment (V2) compared with baseline were also found; however, these were of lower magnitude (data not shown).
Safety and adverse events
SLIT was well tolerated. Across the study period, no treatment-emergent adverse events were recorded.
Discussion
This study aimed at characterizing the clinical burden of rhinitis and asthma due to olive pollen sensitivity in Jordan in a real-life clinical setting. The use of a daily dose of a 300 IR SLIT solution containing a standardized allergen extract derived from O. europaea, administered in a pre-and coseasonal scheme across two consecutive pollen seasons, was also evaluated. In this study, the clinical characteristics of oliveinduced allergy in the season prior to SLIT initiation and their evolution in terms of disease and QoL symptom scores, physician assessments of clinical improvement, changes in medication use, and treatment compliance were documented.
To our knowledge, this is the largest cohort of patients (n=86) with olive-associated AR (with or without asthma) treated by SLIT reported so far. Although a previous randomized controlled study evaluated the use of this sublingual solution in 66 patients with olive-induced allergy, it included only pediatric patients. 15 In our cohort, both children and adults were included, and 52.3% had coexistent asthma. This 
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Evaluation of a sublingual immunotherapy solution prevalence, although greater than that seen in randomized studies on AR, is comparable with that seen in other real-life observational studies. 17, [21] [22] [23] Prior to treatment initiation, we found that majority of the patients suffered a wide range of symptoms during the previous olive pollen season, with most reporting sleep disturbance and headache, which negatively impacted their daily activities.
Treatment was scheduled as a pre-and coseasonal treatment scheme, in line with the recommended use of sublingual solution, administered as 300 IR dosing taken once daily. This schedule has been used and reported in a number of observational studies of this agent for allergic disease caused by other allergens. 17, [21] [22] [23] Treatment was well tolerated, and the high level of compliance across 2 years (98.8%) indicates that treatment was acceptable to both patients and (in the case of children) their parents. This finding is accepted, as compliance is a critical aspect of SLIT, with data from clinical trials showing that continued therapy with allergen 
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Al-Asad et al immunotherapy provides a sustained benefit in terms of symptom control and QoL. 7, 12 This finding aligns with our findings in the present study. While benefits in all outcomes were seen after 1 year of pre-and coseasonal treatment, the benefits were greater after 2 years. At this point, treatment was associated with significant reductions in both rhinitis (79.6%) and asthma symptom scores (by 79.6% and 41.7%, respectively; P<0.0001 for both), accompanied by physicianassessed symptom improvement (Figures 1 and 2) .
Reduction in symptom scores was accompanied by improvement in QoL as shown by a 71.6% reduction in QoL scores. This is reassuring, as some data suggest that oliveinduced allergy may have a greater impact on QoL than other allergens. 6 Whether the improvements that were found in this study reflect a global improvement in disease symptoms or are they a result of specific aspects is uncertain. While several factors may predict QoL outcomes in patients with AR following therapy, it has been reported that improvements in olfactory function and reduction in asthma symptoms may be of particular importance, 24, 25 both of which were seen in our cohort across the study period (Table 2 ). These were matched by the reduction in medication use by patients both with and without asthma (Figure 3) . Also, reduction in medication use following the use of this sublingual solution is consistently reported in previous studies, as recently reviewed.
13
Strengths and limitations
The present study has some limitations, as is common in observational real-life studies. The retrospective study design and the nature of physician/patient recruitment may have contributed to selection bias. As this was an observational study, there was no active or placebo-controlled group. Heterogeneity in the study population in terms of age, symptoms and medication use at SLIT initiation is another consideration, and we did not perform co-variate analyses to assess this aspect, nor did we account for seasonal variation 
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Evaluation of a sublingual immunotherapy solution in pollen activity were accounted. As seasonal pollen counts were not monitored during the study period, the possibility that lower levels of pollen exposure could have contributed to the reduction in symptoms and medication use for the seasons evaluated should be considered. Other limitations include not having patient data on allergen sensitization and changes in sensitization status during the study period. As a result we cannot comment upon the impact polysensitization to other allergens may have had, nor on the impact of the olive SLIT upon sensitization to olive allergens. No AEs were reported in our cohort. In this respect, it should be understood that monitoring and reporting on treatmentemergent adverse events was not an aim of this study. Furthermore, as it is well recognized that AEs are an important reason for treatment discontinuation, the nature of this study reports only on those patients who had completed 2 years of treatment would understandably limit the number of AEs reported by patients. However, as SLIT was well tolerated, based on this limited data we cannot comment further on the safety of this therapy in these patients. Finally, our study was not designed to evaluate and compare the efficacy in asthmatic and nonasthmatic rhinitis populations. As such, specific analysis on the nonasthmatic (ie, rhinitis without asthma) population was not performed, and therefore, the role of asthmatic medications on reducing rhinitis symptoms cannot be examined directly. Nevertheless, this study has considerable strengths. The study population specifically included only patients with confirmed olive-associated AR (with or without asthma), and so the study provides valuable data on respiratory allergy associated with this allergen. Since the study was performed within a real-life setting, with outcomes assessed and documented by the treating physicians at clinical follow-up, follow-up data for SLIT across two seasons have been provided and clinical benefits in terms of reduction in symptom scores, medication use, and improvements in QoL compared with those seen prior to treatment initiation have been shown.
Conclusion
The results of this observational real-life study show that the use of a daily dose of a 300 IR sublingual solution with a standardized allergen extract derived from O. europaea in subjects suffering from AR (with or without asthma) due to olive pollen sensitization is associated with clinically meaningful benefits. These include reduction in disease symptom scores, medication use, and improved QoL. The therapy was well tolerated with a high treatment compliance.
